Problem {#s1}
=======

For combined extracorporeal shock wave lithotripsy (ESWL)/endoscopic retrograde cholangiopancreatography (ERCP) procedures, time delay from the completion of the ESWL to the ERCP has been shown to be detrimental to patient outcomes. Delaying the ERCP for 24 hours after the ESWL can increase the pain medication requirements for patients.[@R1] In our institution, for these combined procedures, the ERCP was commonly performed later the same day or, at times, delayed to another day.

The goal of this project was to create the perfect patient experience by simplifying, streamlining and mistake-proofing scheduling and day of procedure flow for the combined ESWL/ERCP procedure. We sought to minimise the time between procedures to limit the risk of complications. Anaesthesia was administered to patients undergoing the ESWL and the ERCP. There are three phases to the administration of an anaesthetic (induction, maintenance and emergence) of which maintenance infers the lowest potential for adverse anaesthetic events. By 3 months after the process improvement event, the goal was to have the infrastructure in place to ensure that all ESWL/ERCP cases were scheduled and performed in immediate succession at one location with the administration of only one anaesthetic.

Patient safety alerts (PSAs) are used in our hospital to call attention to patient care improvement opportunities. This system provided documentation about problems associated with separating the ESWL and ERCP in time and space. Multiple ESWL/ERCP-related PSAs reported increased risk to patients from being anaesthetised twice when one should suffice, documented multiple procedural cancellations due to confusing preprocedure instructions on aspirin and described delays in the ESWL because of no ERCP consent. The presence of these PSAs raised awareness that change was needed.

For analysis of this quality improvement project, a waiver was granted from our Institutional Review Board. The *BMJ Open Quality* template was used in preparation of this manuscript. This work had already been partially presented as an abstract.[@R2] This project occurred in the context of a hospital system committed to process improvements using the Lean methodology of Virginia Mason Production System (VMPS).[@R3] VMPS was introduced in 2000 and has been used for process improvements throughout the hospital system. Virginia Mason is a 300-bed urban hospital with 28 anaesthetising locations (24 operating rooms (ORs) and 4 out of OR locations).

Background {#s2}
==========

Pancreatic stones, a complication of chronic pancreatitis, can cause debilitating pain resulting in the use of high doses of narcotics, admissions to the hospital, inability to work and diminished quality of life. Surgery is a treatment option for symptomatic pancreatic stones, but this has been associated with mixed results, high cost and significant complications such as pancreatic duct leaks, bleeding and large incisional hernias. Endoscopic approaches, including ERCP with pancreatic sphincterotomy and mechanical stone extraction, have been used with some success; however, stones that are lodged behind main duct strictures and those over 5 mm are exceedingly difficult to remove. To facilitate endoscopic removal, pancreatic ESWL has been enlisted to fragment stones resulting in spontaneous passage of some stones and reduction in size of others so that endoscopically delivered baskets and balloons can be used to extract stone segments.[@R4] Studies have shown that combining ESWL with ERCP for stone extraction decreased pain, hospitalisations, need for surgery and narcotic pain medications, as well as improved stone removal success rate and quality of life.[@R1] This technique is considered around the world to be the mainstay of care for large pancreatic stone removal.[@R7]

Only a few medical centres in the USA have the capability of combining ESWL and ERCP. Originally, the process at our hospital was designed around the equipment. Lithotripsy, before 2008, was performed with a stationary lithotripter in a designated OR (Dornier HM3 Lithotripter, Donier, Dornier Medtech, Munich, Germany). Using this lithotripter unit in combination with the need for high-quality imaging for ERCP (located in the Gastrointestinal procedural rooms) necessitated different sites for the two phases ESWL/ERCP procedure. The stationary lithotripter unit was replaced by a mobile unit in 2008 (Storz Medical Modulith SLX-F2, Karl Storz Lithotripsy America, Kennesaw, Georgia, USA). Reports on mobile lithotripter pancreatic ESWL at our institution and others have demonstrated very good results.[@R1] With the mobile lithotripter came the opportunity to design this process around the patient, a philosophy embraced by our institution.

This project was conducted outside the OR, in a venue for anaesthesiologists known as non-operating room anaesthesia (NORA). In recent years, there has been an increase in demand for anaesthesia outside the OR to care for sicker patients undergoing increasingly complex procedures. Complicating this situation is the unfamiliarity and lack of resources outside the OR for the provision of high-quality anaesthesia care. At our institution, in recent years, we have seen double-digit increases in NORA cases, and we have responded with aggressive efforts to provide appropriate equipment and personnel to these areas.

Scheduling a combined ESWL/ERCP procedure involved coordination of three services (GI, urology and anaesthesiology), in two sites (OR and procedural suite). Our schedulers struggled to coordinate these variables with patient availability that led to inefficiencies. It has been shown that procedural scheduling delays dissatisfy patients in GI procedural units.[@R11] Therefore, we also set out to improve scheduling of this procedure.

A barrier to complete this work was the need to retrofit a room to accommodate all of the required equipment. More daunting, however, was coordinating three services (urology, gastroenterology and anaesthesiology). Gains in efficiency and patient satisfaction have been reported in the gastroenterology procedural setting using Lean methods.[@R13] Because of the strong central governance built around Lean process improvement at our hospital, we had the support of hospital administration and expected this project to be successful.[@R14]

Measurement {#s3}
===========

We reviewed our hospital PSAs that included the terms ERCP and ESWL. We also cross-reference the PSA database with our list of all patients undergoing ESWL/ERCP from 2011 to 2017. A reduction in PSAs would suggest improved patient safety. We were able to capture some of the most important measurements for patient safety such as the number of anaesthetics administered per visit, the number of cases completed within 24 hours and total procedure time. Gains in patient safety would be reflected by a reduction in the number of anaesthetics administered to one patient, more dual procedures completed within 24 hours and no change in total procedure time. Procedure times, before the intervention, combined the time for the ESWL and ERCP individually. If the intervention was done correctly, then the equipment and personnel should be present afterwards to allow the same efficiency for completion of the ESWL/ERCP procedure. To capture cost implications, we evaluated patient length of stay, standard anaesthetic charge generation and lithotripter repairs. Implications for the urologists and gastroenterologists productivity were evaluated by physician feedback.

We received a list of all hospital inpatient and observational patients from our billing department with a pancreatitis diagnosis (International classification of disease (ICD)9=577) and ESWL procedure (ICD9=98.59 or 98.52) between January 2011 and March 2013. We received a list of patients from the procedural unit electronic record for May 2013 to June 2017 identifying patients who had undergone the ESW/ERCP procedure. Patient demographics were received from billing. One author (WW) reviewed all the patient medical records to confirm the performance of these two procedures and to collect admission dates, procedural anaesthesia times and discharge dates.

We used intent-to-treat method in our analysis, in which all procedures prior to the intervention date (May 2013) were considered preintervention even though, on occasion, the two procedures may have been performed on the same day. T-tests were used to analyse continuous variables, and crosstabs were used to analyse dichotomous variables. All analyses were performed using StataMP V.12.

Design {#s4}
======

A multidisciplinary team undertook a 1 week rapid process improvement work project in April 2013. The team was composed of an executive sponsor (senior vice president), an executive workshop leader (vice president) and a Virginia Mason Production System specialist as the team leader. Team members included an anaesthesiologist, urologist, gastroenterologist, section manager, surgical scheduler, outside hospital representative and an internal medicine resident. We defined the process as beginning with first contact (by phone, outpatient visit or day of procedure consultation) in the GI department and ending with discharge from the GI procedural unit. Preliminary work included interviews of involved personnel as well as a compilation of all work done by schedulers, staff and managers in each of the respective sections. We observed and interviewed day of procedure providers and staff as well as patients and families. Flow maps were created with notations about opportunities to improve specific segments of the operations.

This effort led us to identify several specific areas where improvements were needed in the combined ESWL/ERCP procedure. First and foremost, there was a need for coordination between the gastroenterology, urology and anaesthesiology departments for efficient scheduling. Patient and family issues included separate and conflicting preprocedural information packets from urology and gastroenterology and day of procedure confusion regarding site of check-in, site of recovery and family waiting. Other day of procedure problems included the need for administration of two separate anaesthetics, recovery nursing order confusion between procedures and the delay between procedures.

Accordingly, we designed the work of the process improvement team around three themes:Theme 1: improving scheduling.Theme 2: reducing patient and family confusion.Theme 3: eliminating procedure delays.

Strategy {#s5}
========

The process improvement team engaged in quality improvement activities specific to each theme over the course of the event.

Theme 1: improving scheduling {#s5a}
-----------------------------

We recognised that patient access was compromised by the complex task of aligning two procedures, ESWL and ERCP, that were not otherwise coordinated and for which there was no standard work. The urology and gastroenterology scheduling departments were working in silos with little resources available to facilitate a joint procedure. Plan Do Study Act (PDSA) cycles were conducted in order to improve the scheduling process. Through these improvement cycles, a process for scheduling this complex procedure was created, which included a designated complex scheduler and standard work that facilitated communication between the GI and urology schedulers. The use of a complex scheduler has been used to improve scheduling efficiency for complex GI procedures elsewhere.[@R15] These changes led to more clarity for the schedulers, fewer interoffice phone calls and ultimately a simplified and streamlined scheduling process. Success was determined informally by the schedulers and the process improvement team's assessment of usability.

We initially implemented the improved scheduling with limited block times. An ESWL/ERCP could only be scheduled 1 day per week, which was different for each week of the month. We imposed these restrictions to accommodate the clinical duties, administrative meetings and educational commitments for the departments of gastroenterology, urology and anaesthesiology. However, soon after implementing the new scheduling process, we realised case volumes were higher than anticipated. We responded by readdressing each department's time constraints, which led to multiple compromises, and ultimately, the current state of daily ESWL/ERCP block time was created.

Theme 2: reducing patient and family confusion {#s5b}
----------------------------------------------

We analysed the patient and family experience and realised there was conflicting information in the procedural information packets sent out separately by each department. Of note, the restriction of non-steroidal anti-inflammatory drugs (NSAIDs) by the urology department, but not the GI department, led to patient confusion. Patients would follow the GI instructions, which allowed NSAID ingestion, only to be told they were non-compliant with the urology requirement to avoid NSAIDs and have their case cancelled. This problem was documented multiple times in our PSA system. We facilitated the creation of a single ESWL/ERCP information packet in conjunction with and approved by both departments.

Another patient family experience issue was the logistics on the day of the procedure. Confusion was perpetuated by virtue of two related yet functionally uncoupled procedures being performed on the same day. The morning of the ESWL, the patient would be asked at the check-in desk, 'Will you be receiving an ERCP with your ESWL today?'. The patient checked in at the outpatient surgery desk in the first building and walked to the ESWL preprocedural prep area in a second building. Then, the patient would undergo the ESWL procedure and be transported to the surgical recovery area in the second building. After recovery, the patient was transported to the GI procedural area in a third building where, on ERCP completion, the patient was cared for in that procedural recovery area ([figure 1](#F1){ref-type="fig"}). During the course of this movement spanning three buildings, the families tended to be unaware of the physical whereabouts of their loved ones and unsure where to wait to hear from the treating physician (urologist or gastroenterologist). The solution to this logistics puzzle was to have the patient check in to one area where all procedures, consultations and recovery would take place.

![Swim lane diagram of patient and family movement before and after the intervention. ERCP, endoscopic retrograde cholangiopancreatography.](bmjoq-2017-000273f01){#F1}

Theme 3: eliminating procedure delays {#s5c}
-------------------------------------

Proper procedural consent requires an uncompromised level of patient cognition. Therefore, both consents are needed to be completed before the first procedure. However, the ESWL would often be delayed due to lack of ERCP consent when the procedures were separated in time and place. Order writing was also problematic following the ESWL, as recovery nurses did not know which provider to contact since urology was a consult service and gastroenterology had yet to assume care for the patient. After the process improvement event, it became a requirement that both the urologist and gastroenterologist be present before the dual procedure to eliminate ESWL delays due to the lack of ERCP consent. Recovery orders were written by the gastroenterologist, per standard practice after an ERCP.

Time between procedure delays could most effectively be eliminated if both the ESWL and ERCP were completed in immediate succession in the same location. Given the obvious benefits of a single location approach for this procedure, the key question became which location, the OR or the procedural suite would be more appropriate. The team examined both locations and queried the procedural physicians about the pros and cons of each. Two important considerations were quality of imaging and proximity of supplies. For the urologist, there was little need for a supply of equipment besides the lithotripter. The imaging required for lithotripsy consisted of a portable c-arm to aim the beam. For the gastroenterologist, however, there was a very different set of requirements for imaging and equipment. They rely on high-quality imaging for pancreatic stone identification and stent placement. This high-quality fluoroscopy was only located in the gastroenterology suite and could not be transported. Gastroenterologists require multiple stents and balloons for pancreatic stone removal followed by pancreatic duct stent placement. This equipment is located in the procedural unit and would be time consuming to transport to the OR. For these reasons, the procedural suite was chosen as the site for the dual procedure.

Measurements were made of all our three procedural suites, and only one room was large enough to accommodate the lithotripter and portable c-arm. Outlets were installed in that room (220V for lithotripter and a data outlet for the c-arm monitor), and tape was placed on the floor indicating ideal placement of equipment (lithotripter, c-arm and c-arm monitor). PDSA cycles were performed to simulate the sequence of events that would occur once a patient was brought into the room. After several cycles, we determined that the lithotripter and fluoroscopy tables would start out side by side with a small gap. The patient would walk into the room and lie down, supine, on the fluoroscopy bed. The lithotripter would then be moved flush to the fluoroscopy table, and the awake patient would be asked to roll over to the prone position on the lithotripter. Next, positioning would be refined to ensure patient comfort and proper alignment of the lithotripter beam to the pancreatic stone. The patient would then roll back supine on the fluoroscopy table, and administration of anaesthesia would start. Once anaesthetised and intubated, the patient would be rolled back prone on the lithotripter for the pancreatic ESWL. On completion of lithotripsy, the patient would be rolled back supine on the fluoroscopy table for the ERCP. The lithotripter/c-arm/c-arm monitors would then all be removed from room to allow the gastroenterologist access to the patient for the ERCP. On completion of ERCP, the patient would be awakened from anaesthesia and transported to recovery. PDSA cycles were also conducted to simulate an emergency code situation to ensure a patient could be safely managed in the event of an arrhythmia during lithotripsy.

Results {#s6}
=======

Patient age and sex were similar before and after intervention, but more patients after the intervention had comorbidities of drug/alcohol abuse and diabetes. Despite this increase disease burden, hospital length of stay was unchanged ([table 1](#T1){ref-type="table"}).

###### 

Patient characteristics, preintervetion and postintervention (1 August 2013) with intent-to-treat analysis

                                 Total       Preintervention            Postintervention        Sig P
  ------------------------------ ----------- -------------------------- ----------------------- -------
  Dates                                      February 2011--July 2013   August 2013--May 2017   
  Number of patients             292         119                        173                     
  Age, mean (SD)                 54 (15)     53 (15)                    55 (14)                 0.27
  Sex, female (%)                152 (52)    65 (55)                    87 (50)                 0.47
  Hospital LOS, mean (SD)        1.9 (3.1)   1.9 (2.1)                  1.8 (3.6)               0.76
  Diabetes discharge, dx (%)\*   40 (14)     9 (8)                      31 (18)                 0.011
  Drug/ETOH abuse, dx (%)†       45 (15)     10 (8)                     35 (20)                 0.006
  Type, inpatient (%)            40 (14)     23 (19)                    17 (10)                 0.020

\*ICD9=250.00, 250.02, 250.81 or ICD10=E11.9, E11.649, E11.65.

†ICD9=304, 305 or ICD10=F1X.

ETOH, ethyl alcohol, ethanol, or alcohol; LOS, length of stay; Sig P, Significant p value.

Procedural characteristics are presented in [table 2](#T2){ref-type="table"}. A total of 292 cases were analysed from 2011 to 2017. Preintervention, 30% of the cases occurred on different days. Before the intervention, providers occasionally managed 'work arounds' to avoid two anaesthetics. Seventeen cases (14% of total) were performed in rapid succession either in the lithotripsy OR (12 cases, ERCP completed using the low quality imaging of a portable c-arm) or by transporting the patients from the lithotripsy OR to the ERCP procedural suite while under general anaesthesia (five cases). Preintervention, the average delay between the ESWL and ERCP was over 8 hours. After the intervention, cases were done in immediate succession without exception. The total combined procedural time was unchanged, indicating that the work space was conducive to efficient procedural completion by both the urologists and gastroenterologists ([figure 2](#F2){ref-type="fig"}). Procedure times were analysed for individual urologists and gastroenterologists, which also indicated no change in procedural times.

###### 

ESWL/ERCP procedure details preintervention and postintervention

                                            Preintervention   Postintervention   Sig P
  ----------------------------------------- ----------------- ------------------ ---------
  Number of patients (n=292)                 119\*             173\*             
  ESWL and ERCP on same day (%)             83 (70)           173 (100)          \<0.001
  ESWL and ERCP under one anaesthetic (%)   17† (14)          173 (100)          
  Minutes between ESWL and ERCP‡            506 (522)         0 (0)              \<0.001
  Total ESWL+ERCP anaesthetic minutes       175 (35)          177 (35)           0.63

\*Not all ERCP data are available; n=100 for minutes between procedures and for total minutes preintervention and n=172 postintervention.

†12 cases the patient was transported under GA, five cases procedure was combined in lithotripsy OR.

‡ERCP anaesthetic start − ESWL anaesthetic end in minutes; assume postintervention minutes=0.

ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy; OR, operating room.

![Statistical process control chart with total anaesthesia time (min) by quarter, upper confidence limit (UCL) and lower confidence limit (LCL).](bmjoq-2017-000273f02){#F2}

Anaesthesia charges are generated using a base charge plus a time component charge (15 min increments). So, although the procedural duration was unchanged, there was a reduction in the number of anaesthetics administered which eliminated a base charge. General anaesthesia with an endotracheal tube was the technique used preintervention for the ESWL. The anaesthesia technique preintervention for the ERCP varied between propofol anaesthesia without an endotracheal tube to general anaesthesia with an endotracheal tube. Postintervention, all procedures were done with general anaesthesia and an endotracheal tube. Based on billing charges, preintervention, on average, a patient would be charged for 87.5 min of anaesthesia during the pancreatic ESWL (CPT 50590, American Society of Anesthesiologists (ASA) code 00873, 5 based units+6 time units, \$1078 anaesthesia professional charge) plus 87.5 min for anaesthesia during the ERCP (CPT 43264, ASA code 000740, 5 based units+6 time units, \$1078 anaesthesia professional charge). Postintervention, the average billing charge would include 177 min of anaesthesia during the combined ESWL/ERCP procedure (CPT 43265, ASA code 00740, 5 based units+12 time units, \$1666 anaesthesia professional charge). Thus, billing charges generated for one patient undergoing the ESWL/ERCP procedure would be reduced \$490 by eliminating one anaesthetic base charge.

The topics of PSAs filed about the ESWL/ERCP procedure are listed in [table 3](#T3){ref-type="table"}. Those PSA topics that were specifically addressed during the intervention (aspirin ingestion, ERCP consent and two anaesthetics) were absent postintervention, though there remained the problem of two misplaced ESWL consents. Postintervention, PSAs related to the ESWL/ERCP procedure focused on clerical errors, non-standard scheduling (hospitalist scheduling for an inpatient) and inadequate workup, which were topics not addressed in the event. The lithotripter scheduling was addressed by a change in the categorisation of our lithotripter in our computer system to disallow double-booking of this equipment.

###### 

Patient safety alert (PSA) topics before and after intervention

  Preintervention (2010--March 2013): 11 PSAs total   
  --------------------------------------------------- ------------------------------------------------------------------------
  4                                                   Cancellations due to ASA ingestion.
  3                                                   Lack of ERCP consent delayed ESWL.
  2                                                   Cite patient safety issue of two anaesthetics when should only be one.
  2                                                   Lack of proper medical workup before procedure.

  Postintervention (May 2013--2017): 7 PSAs total   
  ------------------------------------------------- ---------------------------------------------------------------------------------
  2                                                 Lack of proper medical workup before procedure.
  2                                                 ESWL consent placed in wrong chart and urology chart missing with ESWL consent.
  1                                                 Gastroenterologist late delaying ESWL.
  1                                                 Inpatient scheduled by hospitalist with no communication with GI department.
  1                                                 Lithotripter table double booked due to scheduler error, ESWL delay.

ERCP, endoscopic retrograde cholangiopancreatography; ESWL, extracorporeal shock wave lithotripsy.

Lithotripsy repairs are graphically illustrated over time and indicate an increase in repairs immediately following the event, which could have been due to moving the lithotripter ([figure 3](#F3){ref-type="fig"}). As the hospital has a maintenance contract for the lithotripter, these repairs did not incur an additional charge to the hospital, although downtime for the unit may have impacted productivity.

![Lithotripter repairs per month before and after the intervention.](bmjoq-2017-000273f03){#F3}

Urologists were initially resistant to moving the lithotripter fearing it would impact productivity. This did not prove to be a problem, partly due to their serendipitous concurrent change in practice to treat ureteral stones by laser ureteroscopy rather than ESWL, which decreased competition for the lithotripsy unit. Our gastroenterologists were open to the change in practice, and the only concern regarding productivity stemmed from the early combined cases when the ESWL duration was less well established. Once the time to complete the ESWL was better understood, the gastroenterologists' schedules were adjusted to maximise efficiency.

Lessons and limitations {#s7}
=======================

Hospital staff seeing a problem such as the division of these two procedures and realising the obvious solution to combine them was not adequate to produce the magnitude of change required. An organised event with the support of hospital leadership was needed to bring about change. In this case, an important lesson was to focus on the patients' needs first, even if it required structural changes in the physical space. It is important to realise the quality of care was not compromised by the changes that led to this more patient-centred procedure line. Moving the lithotripter allowed the two procedures to be done in immediate succession with the resultant decrease in confusion, in-hospital travel and anaesthetics.

We addressed procedure delay by requiring both physicians to be present before the procedure. This approach is consistent with a GI endoscopy suite efficiency study showing the most common reason for delay was physician related (not present or incomplete paperwork).[@R16] Despite the efforts, we still had PSAs written about delays after the intervention, one due lack of physician presence and the others due to clerical errors.

This work was specific to this one combined procedure and the ability to effect change hinged on the mobility of the lithotripter. However, the coordinated systematic approach to improving care may be applicable to other procedures. For example, a coordinated procedures has emerged where a gastroenterologists and an interventional radiologist team up to provide 'dual drainage' of walled off pancreatic necrosis. This procedure also requires anaesthesia and therefore the coordination of three services.

To ascertain success in this Lean project metrics of interest include improved patient access, experience and safety. However, measurements in real time were challenging. We attempted to quantify patient access by reviewing charts to determine the time lag from first contact with a patient to date of procedure. Unfortunately, after reviewing several charts, it was apparent that the first phone contact was not reliably captured in our electronic medical records. We also explored first gastroenterologist contact to date of procedure but, unfortunately, many of these cases occur with out-of-town patients who met the gastroenterologist for the first time on the day of procedure. We also wanted to capture improvement in patient experience, but historically there are no ESWL/ERCP specific questionnaires and when we cross-referenced our general hospital questionnaire responses against our ESWL/ERCP patient list, we did not find any matches.

If we were to do this project again, we would look for a way to quantify the scheduling efficiency. This could be done by setting up a daily query where scheduling accuracy and call metrics (time to answer call and duration of call) could be collected in order to quantify improvements in scheduling.[@R15] There may have been value in using the hard modelling technique of discreet event simulation to track and simulate the patient journey in order quantify the impact of our intervention.[@R17] Collecting patient outcome and satisfaction data would also have been valuable, and a research project collecting that data would strengthen the conclusion that this process improvement positively impacted patient care.

Conclusion {#s8}
==========

The combination of ESWL/ERCP allows treatment of large pancreatic stones in 1 day that otherwise would require surgery. We were able to half the number of anaesthetics for each patient, thereby reducing the time spent in the most dangerous phases of anaesthesia, namely induction and emergence.

By rethinking the entire process from scheduling through postprocedure recovery focusing on the patient's perspective, we were able to make this process safer and more efficient.
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